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Abstract Parasites and environmental conditions can
have direct and indirect effects on individuals. We ex-
plore the relationship between salinity and parasites in
an endemic New Mexico State threatened fish, the White
Sands pupfish (Cyprinodon tularosa). Spatial variation in
salinity limits the distribution of the endemic springsnail
(Juturnia tularosae) within Salt Creek, a small desert
stream. The springsnail is the presumed intermediate
host for trematodes that infect the White Sands pupfish,
and trematode prevalence and intensity in pupfish are
positively associated with the springsnail. Salinity and
parasites both have negative impacts on pupfish, but in
areas of high salinity, pupfish can effectively escape
parasites. Pupfish trematodes were absent from sites
lacking snails. At the upstream site, the absence of
parasites and lower variance in salinity were correlated
with larger pupfish that were in better condition than
pupfish at either the middle or lower sites. Springsnails
were present in the middle section, an area with
moderate salinity, and all pupfish had trematodes
(median abundance 847 trematodes/fish). Lipid levels
and condition were lowest in fish from the middle site.
Additionally, fewer older fish indicated an increased
mortality rate. At the lower site, springsnails were absent
due to high salinity; pupfish trematode abundance was
much lower (six trematodes/fish), and fish condition was
intermediate. An additional experiment revealed that
snail activity and survival were significantly reduced at

high salinities commonly present at the lower site. Al-
though both high salinity and parasites significantly af-
fect pupfish, parasites might be more detrimental.

Keywords Salinity Æ Trematodes Æ Cyprinodon
tularosa Æ Juturnia tularosae Æ Lipids

Introduction

Threatened and endangered species are exposed to a
number of threats, primarily from anthropogenic im-
pacts such as habitat loss and invasive species (Wilson
1992; Wilcove et al. 1998), and they also face natural
threats due to environmental factors such as parasites
and disease (McCallum and Dobson 1995). This is
especially true for desert aquatic systems where threa-
tened or endangered species are particularly at risk due
to high environmental variation (Williams et al. 1985;
Sheldon 1988). For instance, desert streams show con-
siderable spatial and temporal variation in temperature,
salinity, and flow (Miller 1948, 1981; Meffe and
Minckley 1997; Stockwell and Mulvey 1998) which, in
turn, limit the distribution of resident organisms (Por
1980; Herbst 2001). In fact, communities are often
structured around salinity gradients (Hylleberg 1986;
Barnes 1999; Williams 1998; Wolfram 1999; Costil et al.
2001). Despite low biodiversity and the high metabolic
costs associated with high salinity (Withers 1992), these
systems can be highly productive and organisms able to
tolerate extreme salinities are frequently very abundant
(Cole 1994).

The pupfishes (Cyprinodonts) are well known for
their environmental tolerance (Brown and Feldmeth
1971), having been recorded in waters with salinities of
up to four times that of seawater and occurring at
temperatures above 40�C (Miller 1948; Barlow 1958;
Bennett and Beitinger 1997; Beitinger et al. 2000). They
are poor competitors, however, and in areas where they
co-occur with other species, pupfishes are often limited
to areas of high salinity (Echelle et al. 1972; Martin
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1972; Kodric-Brown and Mazzolini, 1992). High salinity
may also structure communities such that pupfishes
escape parasitism. For instance, complex life cycle
parasites will be excluded from systems where any of the
appropriate hosts are absent (Lafferty and Kuris 1999).
Many fish are infected with larval trematodes, which
depend on the presence of three different hosts: snails,
fish, and fish-eating birds (Hoffman 1999). Factors lim-
iting snail distributions, therefore, can indirectly struc-
ture fish parasite communities. Snail communities are
often structured around salinity (Hylleberg 1986; Barnes
1999; Berger and Gorbushin 2001; Costil et al. 2001),
thus the salinity tolerance of snails can indirectly
determine the prevalence and intensity of trematodes in
pupfish. High salinity can reduce the costs of competi-
tion and parasitism for pupfish, but there is evidence of
higher physiological costs at elevated salinities (Kinne
1960; Haney et al. 1999).

We report on the interactions of the New Mexico
state threatened White Sands pupfish (Cyprinodon
tularosa), pupfish trematodes, a springsnail (Juturnia
tularosae), and salinity in a desert creek. Within Salt
Creek there is spatial and temporal variance in salinity,
as well as spatial variance in the prevalence and
intensity of pupfish parasites. These two factors (par-
asites and salinity) can both be detrimental to pupfish.
However, in areas with high salinity, pupfishes have
few parasites. We tested the hypotheses that parasites
are detrimental to pupfish, and that environmental
salinity limits the distribution of the springsnail, which,
in turn, limits the distribution of trematodes. This
limitation results in a considerable spatial variation in
parasitism for the second intermediate host, the White
Sands pupfish. Further, we show differences in life
history traits among sites that are related to parasite
intensity.

Background

The White Sands pupfish is a state threatened species
endemic to the Tularosa Basin of southern New Mexico
and occurs in four isolated desert aquatic systems
(Miller and Echelle 1975; Pittenger and Springer 1999).
Fish trematodes and their associated intermediate snail
hosts differ among these systems (Stockwell 2002; Ro-
gowski 2004). Salt Creek is a saline riverine system with
spatial and temporal variation in salinity and tempera-
ture, with levels of both increasing with distance from
the springheads (Stockwell and Mulvey 1998, Rogowski
2004). Salinity ranges from 7 to >88 (limit of our
instrument) with specific conductance values of 12.7–
119.3 mS/cm (Rogowski 2004). Water temperatures
range from 2.7 to 37.0�C. Salt Creek can be divided into
three segments (upper, middle, and lower) based on two
barriers that block upstream fish movement, one, a
natural waterfall about 2 m in height, and the other a
road crossing with associated culvert, about 0.5–1 m in

height. Neither one restricts fish movement downstream.
The fish may be able to move upstream past the cul-
vert in a side channel during and subsequent to high
water events (J. Pittenger, NMDGF, personal commu-
nication).

The White Sands pupfish is the only fish present in
Salt Creek. While the pupfish occurs throughout Salt
creek, an endemic springsnail occurs only in a limited
section (J. tularosae, Hershler et al. 2002). Pupfish, as
the White Sands pupfish is infected with two trematodes,
provisionally identified as Ascocoytl sp. (Bill Font, per-
sonal communication), one that infects gill tissues, and
other that infects mesenteric and liver tissues. These two
trematodes are hereafter referred to as gill and body
cavity trematodes, respectively.

Trematode life cycles can be divided into three stages,
each requiring a different host (snail, fish, and bird)
(Hoffman 1999). Trematodes generally reach sexual
maturity in piscivorous birds and their eggs are released
in the host’s feces. Intermediate snail hosts become in-
fected either by ingesting the eggs, or by free-swimming
miracidia (after hatching) that seek out snails to infect.
Once inside a snail host, larval trematodes reproduce
asexually and periodically release cercariae from the
snail. Cercariae are free-swimming larvae that seek out a
second intermediate host, usually a fish. Cercariae
transform and encyst within fish, becoming metacer-
caria, a quiescent stage between the cercaria and adult
forms (Hoffman 1999). Larval trematodes reside as
metacercaria in fish until eaten by a bird, thus com-
pleting the life cycle.

Materials and methods

Salinity and temperature

Salt Creek is located in a remote area of the White Sands
Missile Range, a controlled military installation with
limited access. Salinity measurements were compiled
from data collected from 1998 to 2002 by Craig A.
Stockwell and associates at North Dakota State Uni-
versity (Rogowski 2004). A portable salinity instrument
(Yellow Springs Instrument-YSI 85) was used to mea-
sure salinity, conductivity and temperature. Salinity
measurements are reported in the practical salinity scale,
a unit-less number based on a conversion from electrical
conductivity readings (Clescerl et al. 1999). Salinity
measurements were collected at numerous times
throughout the year, with the majority obtained from
May to August. Minimum salinity at our sampling sites
is not known since measurements were not recorded
immediately following rain events. However, we do be-
lieve we have an adequate representation of maximum
salinity, as sampling often occurred when flows were low
or nonexistent. At each site automatic data loggers re-
corded temperature every 4 h from April 25 to August
13, 2001.



Pupfish collections and parasite enumerations

Pupfishes were collected from three sites (upper, middle
and lower) in Salt Creek in July, and August in 2000,
and in June and July 2001. Fish were collected using
three unbaited minnow traps (3 mm mesh size) per site,
set during daylight for at least 2 h. A minimum of 175
fishes were sexed and measured per sample each month.
Subsets of female fish of a range of sizes (20–54 mm
standard length) were retained for dissection and para-
site enumerations. Due to logistical difficulties and time
constraints fish were not collected from the upper site in
2001. Wet mass of fish was determined to the nearest
0.01 g using a digital balance, and standard length was
measured to the nearest 0.01 mm using digital calipers.
A relative condition factor (a) was determined for all
fishes in Salt Creek using a nonlinear allometric growth
model (mass = a(length)b) (Quinn and Deriso 1999).

Dry mass was obtained after drying fish at 56�C for
36 h, followed by 24 h in a dessicator. Water content was
determined by subtracting dry mass from wet mass.
Lipids were extracted from somatic tissue using anhy-
drous ether. Fish carcasses were soaked in ether for 24 h
and replaced with fresh ether for another 24 h. Car-
casses were subsequently dried for another 24 h before
weighing. Lipid and percent water results were arcsin-
transformed prior to statistical analyses.

Fish age was determined by scale annuli. Fish with-
out annuli were designated age 0. Fish were examined
for macroparasites in gills, eyes, liver, and body cavity
tissues using a stereo dissecting scope at a magnification
of 40·. Tissues were removed, wet mounted on a slide,
pressed, and examined for parasites. Parasite terminol-
ogy follows that of Bush et al. (1997), with parasite
prevalence reflecting the percentage of fish infected with
at least one parasite. Intensity refers to the number of
parasites within an infected fish, and median abundance
refers to the median number of parasites within fish
across all individuals, whether infected or not (Bush
et al. 1997).

Snail tolerance experiment

Approximately 400 snails, ranging in size from 0.93 to
3.99 mm, were collected on 22 June 2001 from a small
plunge pool in the middle section of Salt Creek. Snails
were maintained in a clear plastic container with native
vegetation for 2 days prior to the start of the experiment
to acclimate to lab conditions. The tolerance experiment
was conducted from 24 June 2001 to 15 July 2001. A
16 h:8 h light–dark cycle was maintained and air tem-
perature ranged from 22 to 31�C.

Experimental water was collected directly from Salt
Creek at two locations: snail collection site (salinity of
28), and at a section of the lower stream area (salinity ‡
80). Salt Creek water was diluted with distilled water to
create experimental salinity treatments of 5, 15, 25, 35,
45, and 55. No contaminants of concern have been de-
tected in Salt Creek (Ortiz et al. 1999 2000).

Twenty-four 12-well plates (maximum volume 10 ml)
were used for the experiment. Each plate was randomly
assigned a salinity treatment. Water from the snail col-
lection site was placed in each well 48 h prior to the start
of the experiment to allow periphyton establishment.
Forty-eight snails were used per treatment (N=288),
and the snails were haphazardly selected from the
holding container and placed into individual wells. No
supplemental food was provided during the experiment.
Water was replaced every 48 h, using the same salinity
dilution batch.

Three variables were measured: activity, mortality,
and reproduction. Snail activity was scored once a day
during daylight hours under a dissecting scope (40·),
following Hurst (1927) (Table 1). Individual wells were
also examined daily for the presence of cercaria. Mor-
tality was confirmed by the loss of the operculum and/or
a swarm of microorganisms surrounding and feeding on
the snail. At the end of the experiment the number of
offspring per snail was recorded .

Statistical analyses

Salinity differences among sites were examined using a
randomization technique, as sample sizes were unequal
and not all were collected at the same time (Manly
1997). We used specific conductance instead of salinity
for analyses as salinity exceeded the maximum detection
capability of our instrument. We conducted compari-
sons of the mean difference in specific conductance be-
tween sites. Observed values were randomly shuffled
without replacement among sites keeping sample size
constant for 9,999 iterations. A difference value was
generated for each iteration, creating a distribution of
potential differences. Our observed difference was com-
pared to the probability distribution generated from the
randomization procedure to obtain a probability value.

As temperature measurements were correlated tem-
porally and spatially, a paired approach was used for
investigating differences among sites. Sites were paired
to account for non-independence of samples, and dif-
ferences in temperatures were calculated to determine if
there were significant deviations from a mean of zero.

Length comparisons were conducted separately from
life history analyses as these data were collected sepa-
rately. To maintain relatively equal sample sizes to meet

Table 1 Snail (Juturnia tularosae) activity scores based on work by
Hurst (1927)

Score Activity

0 Dead
1 Snail inactive, operculum completely closed
2 Snail inactive, operculum not completely closed
3 Snail foot out, not actively moving or only

sporadically active
4 Moving and/or feeding at a reduced activity level
5 Actively moving and or feeding in a normal manner



statistical assumptions only length data from 2000 were
used. As pupfish parasite distributions differed among
sites, relationships between pupfish life history traits and
parasites were investigated separately by site. Due to few
fish aged 3 and 4, we used three age classes (0, 1, and
2+) for comparisons.

For snail analyses, the unit of measure was the well
plate, resulting in N=4 for each treatment. Differences
in snail activity, mortality, and reproduction were tested
using an analysis of variance (ANOVA). For multiple
comparisons among treatments we used the Tukey–
Kramer HSD (honestly significant difference) test to
maintain an overall alpha level of 0.05. Snail activity was
assessed using the mean activity sums by plate of snails
surviving the 20 days of the experiment. To assess
mortality, the mean number of days snails were alive by
plate was used as a metric. Reproduction was assessed
using the sum of offspring by plate as our reproductive
measure.

Statistical analyses were conducted using SYSTAT
7.0.1. (SPSS Inc. 1997), JMP 5.0.1a (SAS 1989–2002),
and Pop Tools 2.6 (a Microsoft Excel add-in program
used for the randomization tests) (Hood 2004).

Results

Salinity and temperature

Specific conductance values (Fig. 1) were less at the
middle site compared to the lower site (P=0.0021).
There was no difference in specific conductance between
the middle and upper sites (P=0.2640) or between the
upper and lower sites (P=0.2169). Temperature differed
significantly among sites (mean difference between
sampling sites is equal to zero, [equivalent to a paired
T-test], low vs. middle, T-ratio=3.754, P=0.0002; low
vs. upper,T-ratio=4.999, P<0.0001, middle vs. upper,
T-ratio=3.152, P=0.0017).

Pupfish life history traits and parasites

There were significant differences in pupfish life history
traits among sites (Table 2). Most pupfish life history
traits were greater in fish from the upper site. Condition
(Fig. 2) and length (Fig. 3) were greater in fish from the
upper site, while fish from the middle site had the lowest
condition levels, lowest percent lipids (Fig. 2), and the
greatest percent water weight. Age of pupfish also dif-
fered among sites (likelihood ratio Chi square=10.256,
P=0.0363), with fewer older fish at the middle site. Only
9% of fish at the middle site were 2 years of age or
greater compared to 22, and 26% at the lower and upper
sites, respectively.

Trematodes (of both gill and body cavity) were found
in pupfish from the middle and lower section of Salt
Creek, but not in fish from the upper section (Fig. 4).
There was a significant difference in mean parasite
intensity among sites (ANOVA; SS=198, F1, 182=2,200,
P<0.0001), with pupfish from the middle site having
significantly more parasites (Fig. 4). Average trematode
prevalence was 85% at the lower section, 100% at the
middle section and 0% at the upper section, with
respective median abundances of 6, 847, and 0. There
was no significant difference in prevalence by month
(Pearson Chi square 3.193, P=0.2026), but there was
a difference between the years (Pearson Chi
square=6.233, P=0.0119). Trematode prevalence in

Fig. 1 Box plot of specific
conductance, and temperature
for three sampling sites (Lower,
Middle, Upper) in Salt Creek.
Horizontal lines represent
salinity levels (practical salinity
scale) used in snail tolerance
experiment

Table 2 Summary ANOVA statistics of pupfish life history trait
differences by site

SS DF (model, error) F P

Length 8803 5, 1122 98.70 <0.0001
Condition 1.667 2, 250 63.00 <0.0001
% lipid 0.147 2, 250 20.32 <0.0001
% water 0.318 2, 247 21.97 <0.0001



July and August 2000 were 90 and 94%, respectively,
while for June and July 2001 they were 76 and 71%,
respectively. Gill trematodes were more prevalent and at
higher abundances than those within the body cavity.

As parasite intensity and variance in parasites dif-
fered greatly among sites, regressions were conducted
separately by site. At the lower site, parasite intensity
(parasites/infected fish) in female pupfish was signifi-
cantly related to percent lipids (R2 =0.111, SS=0.027,
F1,86=10.769, P=0.0015), but not to fish condition
(R2 =0.0185; SS=0.0175,F1,86=1.624, P=0.206), or
percent water weight (R2 =0.00015; SS=0.00011,
F1,86=0.135, P=0.715). At the middle site, parasite
intensity in female pupfish was significantly related to

fish condition (R2 =0.0997; SS=0.0997, F1,94=8.192,
P=0.0052), and percent water weight (R2 =0.0797,
SS=0.00709, F1,91=7.885, P=0.0061) but not to per-
cent lipids (R2=0.0242, SS=0.0133, F1,91=2.304,
P=0.1325).

Snail salinity experiment

Snail length did not differ among treatments (ANOVA;
SS =0.0749, F5,18=0.518, P=0.759), consequently snail
length was not used in statistical comparisons. For the
snails surviving the 20-day experiment, snail activity
declined with increasing salinity (ANOVA; SS=3648,
F4,18=22.87, P<0.0001) (Fig. 5). Snail survival was re-
duced at higher salinities (ANOVA; SS=1124,
F5, 18=225, P<0.0001)(Fig. 5). No snail survived longer
than 3 days in the highest salinity of 55.

The number of offspring per surviving snail ranged
from 1 to 7. Due to high mortality in the higher salini-
ties, treatments 45 and 55 were dropped from repro-
ductive analyses. Larger snails had more offspring
(n=16, R2 =0.318, P<0.0228). Salinity did not sig-
nificantly affect snail reproduction (ANOVA weighted
by snail length; SS=689, F3,12=2.34, P=0.125), al-
though there was a clear trend of fewer offspring with
increased salinity (Fig. 5). No cercaria were observed
during the experiment.

Discussion

Difference in pupfish condition, length, and age among
sites within Salt Creek can be attributed to salinity and
parasites. Environmental barriers to the presumed first
intermediate host, a springsnail (J. tularosae), indirectly

Fig. 2 Condition factor (a = mass/(length)b, where b=3.386) and
mean lipid fraction of female White Sands pupfish in Salt Creek
sampling sites (Lower,Middle,Upper). Error bars represent stan-
dard deviations; different letters represent significant differences
(Tukey–Kramer HSD test with overall alpha=0.05)

Fig. 3 Standard length (mean ± SD) of male and female White
Sands pupfish in Salt Creek sites: Lower, Middle, and Upper.
Different letters represent significant differences (Tukey-Kramer
HSD test with overall alpha=0.05)

Fig. 4 Box plot of total trematode abundance in female White
Sands pupfish (C yprinodon tularosa) from Salt Creek sampling
sites (Lower,Middle, Upper). No trematodes were detected in upper
Salt Creek fish. Number of female fish sampled is shown above
each plot



regulate parasitism in the White Sands pupfish. Salinity
limits the downstream occurrence of the springsnail,
while a waterfall restricts upstream movement.

Pupfish in high salinity areas can effectively escape
the affects of parasites. High salinity, however, is not
without costs. In general pupfish are larger and in
greater condition in areas of lower salinity. This pattern
was also observed in White Sands pupfish within Lost
River, a similar system with spatial variation in salinity
(Rogowski 2004). If pupfish length and condition were
determined solely by salinity, we would expect pupfish
from the middle Salt Creek site to be similar to the upper
site, as there was no significant difference in salinity
between these two sites. However, pupfish length at the
middle site was similar to that at the lower site, and fish
condition was the lowest of the three sites.

Pupfish from the middle site differed in other metrics,
the most obvious being high parasite prevalence and
intensity. Lipid content was lowest at the middle site and
there were fewer older fish, suggesting an increased
mortality rate, presumably due to heavy parasitism
(Johnson and Dick 2001). At the individual level,
trematode intensity was related to reduced condition
and increased water weight in pupfish from the middle
site. Increased water weight may be an inflammatory
response to trematodes (edema).

Most of the differences in pupfish metrics among sites
appeared to be related primarily to parasites and
secondarily to salinity. Pupfish from the lower site were

more similar to fish from the upper site (lipid content,
water weight, and the age distribution of fish) despite a
great difference in salinity. Mean condition of pupfish
from the lower site was intermediate, as was trematode
prevalence and intensity. At the lower site trematode
intensity was related to reduced lipid content in pupfish,
this was not observed in pupfish from the middle site.
Pupfish from the middle site had the lowest percent lipids
and the highest parasite intensity; perhaps these fish are at
or near a physiological minimum lipid level (Biro et al.
2004).

Factors other than salinity and parasites may account
for the greater size and condition observed in fish from the
upper site. Lower variability in temperature and specific
conductance may indicate greater groundwater inflow
and permanence of water, which may result in a higher
probability of pupfish survival. Intermittent flows in the
lower section regularly isolate fish in pools that later dry
up. Age distributions of pupfish from the upper and lower
sites are very similar, suggesting that the differences ob-
served in pupfish from the upper site are not entirely ex-
plained by water permanence, or pupfish age, but instead
are due to a lower salinity as well as a lack of parasites.

The lack of snails at the upper site cannot be ex-
plained by salinity tolerance. Although salinity mea-
surements upstream were sporadic and limited, we have
never recorded salinities in the upper section greater
than 35. As none of the fish sampled above the waterfall
were parasitized, either the presumed first intermediate
(springsnail) or the definitive hosts (piscivorous birds)
were absent. We have routinely observed great blue
herons and their tracks at the upper site, but have never
observed any snails. We speculate that the velocity of
water over the waterfall, and periodic high flows prevent
the snails from migrating upstream. Salt Creek is subject
to flash floods (Ortiz et al. 2000) and others have re-
ported that water velocity can control snail occurrence
and/or density (Pimentel and White 1959; Jobin and
Ippen 1964; Fisher et al. 1982). In fact, we have only
found the snails in areas with little to no current.

Fig. 5 Springsnail (Juturnia tularosae) days alive (filled circle) and
sum of offspring (filled triangle) at the end of a 20-day salinity
tolerance experiment (means ± SE). The sum of daily activity
scores (filled square) for snails that survived the duration of the
experiment (maximum activity score possible=100) is shown on
the secondary axis (mean ± SE). Different letters indicate
significant differences between salinity levels (Tukey–Kramer
HSD test with overall alpha=0.05). Salinity treatment levels of
45 and 55 were dropped from statistical analyses of offspring
numbers due to low snail survival and little to no reproduction.
Salinity levels are based on the practical salinity scale



Snails can moderate their exposure to variation in
salinity by withdrawing and closing their operculum
(Berger andKharazova 1997). This was observed in snails
in the higher salinity treatments, as most snails spent the
majority of time enclosed. In Salt Creek this responsemay
be of limited value if salinities exceed 55 for 3 days or
more. Snails may be washed downstream during flood
events, but fail to establish due to the higher salinities that
are commonly present in lower Salt Creek.

The limitation of the snails to the mid-section of Salt
Creek correlates with parasitism risk for the pupfish. In
the middle section of Salt Creek all fish were heavily
infected with trematodes. At the lower site, no snails
were observed, however, fish were lightly infected with
trematodes. Two possible explanations could account
for this: (1) cercariae are drifting downstream and
infecting fish, or (2) infected fish from the middle section
are moving downstream (this does not exclude fish
temporarily moving into the middle section from lower
areas). Median abundance of parasites observed in fish
from the lower site was relatively low (six trematodes/
fish), which might be more consistent with the cercariae
drift hypothesis. However, cercariae generally do not
survive longer than 24 h (Toledo et al. 1999; Munoz-
Antoli et al. 2002), and high salinity may reduce cerca-
riae survival and infectivity (Pietrock and Marcogliese
2003).

The springsnail, J. tularosae has not been conclu-
sively identified as the first intermediate host for the
trematodes observed in White Sands pupfish from Salt
Creek, but in extensive searches we have not found any
other mollusc. Therefore, at the moment, the springsnail
is the only plausible host candidate in Salt Creek. Pos-
sible explanations for why snails were not shedding
cercariae, include low parasite prevalence and time of
year. It is not uncommon for parasite prevalence in
snails to be around 1%, or to have only 1% of collected
snails shed cercariae (Hunter and Wigington 1972). To
investigate the probability of observing no cercaria, we
conducted a randomization test assuming that 1 percent
of the snails were infected and shedding cercariae. The
probability of observing no infected snails in a random
sample of 288 snails (as in our study) was 0.0536 (4,999
permutations). Based on this analysis we should have
observed an infected snail but it is possible that infected
snails simply were not shedding at this time.

In summary, high salinity and parasites are both
detrimental to pupfish. The springsnail, J. tularosae, is
the presumed first intermediate host for trematodes that
infect pupfish. High salinity prevents the springsnail
from occurring in the lower reaches of Salt Creek. As a
result of the springsnail’s limitation, pupfish can effec-
tively escape the effects of parasitism in high salinity
areas. However, high salinity is not without costs; pup-
fish in high salinity areas have reduced condition and are
smaller. Trematodes may be more costly to pupfish than
high salinity, as pupfish at the middle site (high trema-
tode intensities) had significantly lower condition and
percent lipids. An additional cost of parasitism may be

an increased mortality rate, as we observed fewer older
fish at the middle site.

The White Sands pupfish is listed as threatened by the
state of New Mexico. The springsnail, J. tularosae has a
narrower salinity tolerance and a more restricted range
than the White Sands pupfish; as a consequence, it
probably should receive similar protection. In addition,
the trematodes may also be endemic if they are host
specific. The limited distribution of J. tularosae might
argue for translocation as a conservation tool, and
salinity levels in Salt Creek above the waterfall are
adequate for J. tularosae. However, an introduction of
this springsnail above the waterfall would expose local
pupfish to potentially novel parasites and could be det-
rimental to the already threatened fish. We would
strongly advise against expanding the range of the
springsnail until more is known about its role in the
trematode life cycles.
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